Remarks 

The claims are l-S, with claim 1 being the sole independent claim. Claim 1 
has been amended to further clarify the invention. In particular, claim 1 has been amended 
in order to recite that the liquid crystal compound has an electronic carrier-transporting 
function and that the phosphorescent material is organic. Support for these amendments 
can be found throughout the specification and particularly at, inter alia, page 10, lines 12- 
13, and page 14, lines 20-25. The remainder of the claims have been amended as to formal 
matters only. Applicants submit that no ne w mat t er has been added. Reconsideration^of _ ^ 
the claims is respectfully requested. 

Upon reviev^ng the present application, it became apparent that the 
specification required amendment in order to more closely conform with proper idiomatic 
English and to correct minor typographical errors. To that end, a substitute specification, a 
copy of which is attached, has been prepared. A copy of the marked-up original 
specification, indicating the changes that have been made, is also enclosed. No new matter 
has been added to the present application in the preparation of the substitute specification. 

The Examiner objected to Figures 1-3 insofar as the Examiner maintains 
that these figures should be designated by a legend such as -PRIOR ART-. In particular, 
the Examiner maintains that only that which is old is illustrated therein. However, 
Applicants note that at page 15, lines 2-4, of the original specification, the following 
statement is made: "The organic layer structure in the luminescence device can preferably 
assume any one of those shown in Figures 1 to 4." Hence, it is clear that the present 
invention encompasses luminescence devices of any of those structures. Therefore, 
Applicants have not, at this time, amended the figures to include a legend such as -PRIOR 



-3- 



ART—. However, if after further consideration the Examiner still believes that such a 
legend is appropriate, Applicants will include such a legend upon request to do so. 

Claim 1 stands rejected under 35 U.S.C. § 102(b) as being anticipated by 
Morikawa (U.S. Patent No. 3,775,63 1). Claims 2 and 5 stand rejected under 35 U.S.C. 
§ 103(a) as being obvious over Morikawa in view of Hanna (U.S. Patent No. 6,174,455). 
Claim 3 stands rejected under 35 U.S.C. § 103(a) as being obvious over Morikawa in view 
of Funada(U.S. Patent No. 4,416,515) and McKeown (U.S. Patent No. 5,942,612). Claim 
4 stend^rejecte^under 35^ 

Applicants' prior art (Figure 3 of present drawings). Applicants respectfiilly traverse these 
rejections. 

Applicants believe that a brief review of the key features and advantages of 
the present invention would be helpful prior to addressing the merits of the prior art 
rejection. The present invention is directed to a luminescence device comprising a pair of 
electrodes and at least one organic compound layer, hnportantly, the organic compound 
layer comprises (a) a mixture of a liquid crystal compound having an electronic carrier- 
transporting function and (b) an organic phosphorescent compound. By virtue of this 
constitution, the present inventive luminescence device achieves a higher luminescence 
efficiency than that achieved in conventional devices. 

Such improved luminescence efficiency can be attributed in part to the 
generation of triplet exciton via the phosphorescent compound; a triplet exciton has a 
potentially much higher luminescence efficiency (as described at page 7, lines 9-25) and a 
much longer life (as described at page 17, lines 12-15) than a singlet exciton characteristic 
of most conventional organic fluorescent EL devices. Another source of the improved 



luminescence efficiency of the present inventive device lies in the use of a host liquid 
crystal compound having an electronic carrier-transporting function; this promotes an 
effective triplet exciton energy transfer caused by the Dexter process due to a preferred 
molecular overlap of the 7i-electron planar structure thereof as discussed at page 17, line 
17+, and page 20, line 14+. 

Morikawa is directed to a luminescence device comprising a pair of 
electrodes 1 1 and 12 and an electroluminescent layer 13 comprising a mixture of a liquid 
crystal compound and an electroluminescent phosphor compoundJFig\u:e^2;. column 2, 
lines 20-30). The liquid crystal of Morikawa (1) has an extremely high insulation strength, 
(2) mixed well with the phosphor and (3) acts as an organic binder (col. 1 , lines 63-67) to 
provide a dispersed type EL cell (col. 1, lines 11-13). Thus, the liquid crystal of Morikawa 
is clearly different from the electronically conductive liquid crystal compound used in the 
present invention. 

Moreover, the phosphor used by Morikawa is very different from the 
organic phosphorescent material of the present invention. "Phosphor", as used by 
Morikawa, encompasses a wide range of luminescent materials, which are either organic or 
inorganic, liquid or crystals and which include fluorescent and phosphorescent materials 
alike. See attached Hawley's Condensed Chemical Dictionary, 12* ed., p. 907 (1993). 
Morikawa clearly fails to teach or suggest a specific combination of (a) an electronically 
conductive liquid crystal compound and (b) an organic phosphorescent compound as 
presently recited in the pending claims. 

None of the secondary references remedy the deficiencies of Morikawa. In 
fact, each of the secondary references Hanna, Funada and McKeovm was cited by the 
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Examiner merely for its disclosure related to the type of liquid crystal employed. Hanna 
discloses an EL cell using a mixture of a liquid crystal having a charge transport capability 
and a luminescent or fluorescent dye (example 5). (Incidentally, a paper corresponding 
Hanna also discloses an EL cell comprising a mixture of a liquid crystal compoimd (8- 
PNP-012) and a coumarin dye; a copy of this paper is cited in an Information Disclosure 
Statement filed for consideration herewith.) All of the materials disclosed for use with 
liquid crystal by Hanna are fluorescent materials. There is no teaching or suggestion of the 
use of a phosphorescent compound in combination with an electrgmcdly conductive li^^ 
crystal compound. 

Further, Funada similarly discloses a luminescence device including a layer 
of a liquid crystal 5 containing a fluorescent material 6 (Fig. 1 and col. 3, lines 1-14), the 
fluorescent material being, for example, a coumarin (col. 5, line 29). Again, there is no 
teaching or suggestion of the use of a phosphorescent compound in combination with an 
electronically conductive liquid crystal compound. And McKeown merely discloses a 
liquid crystal material having a disk-shaped structure. Figure 3 of the present invention 
further does not remedy the deficiencies of the primary cited reference, as it was cited 
merely for its disclosure of a phosphorescent compoimd with a planar molecular skeleton; 
there is no teaching or suggestion with regard to any type of liquid crystal material. 

In sum, none of the cited references, whether considered alone or in any 
combination, anticipate or render obvious the present inventive luminescence device. 
There is simply no teaching or suggestion of the key features of the present invention, 
namely, a luminescence device comprising a pair of electrodes and at least one organic 
compound layer comprising (a) a mixture of a liquid crystal compound having an 
electronic carrier-transporting function and (b) an organic phosphorescent compound. 



Accordingly, Applicants respectfully request withdrawal of the § 102 and § 103 prior art 



rejections. 

Wherefore, reconsideration of the rejected claims is respectfully requested 
as is the expeditious allowance of all pending claims in light of the foregoing amendments 
and remarks in support of patentability. If any issues remain, the Examiner is invited to 
call the Applicants' undersigned attorney to discuss matters further. 

Applicants' undersigned attorney may be reached in our New York office 
by telephone at (212) 218-2100. All correspondence should continue to be directed to our 
below listed address. 

Respectfully submitted, 




[ttdSiiey fbrApplicants 
RegSitration No. ^/(j/p^ 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212)218-2200 
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Application No. 09/904,505 
Attorney Docket No. 00684.003218 



VERSION SHOWING CHANGES MADE TO CLAIMS 

1. (Amended) A luminescence device[,] comprising: 
a pair of electrodes, and 

at least one organic compound layer including an organic compound layer 
comprising a mixture of a liquid crystal compound having an electronic carrier-transporting 
function and [a] an organic phosphorescent compound. „^ . ^ 

2. (Amended) [A] The luminescence device according to Claim 1, wherein 
the liquid crystal compound is a compound assuming a smectic phase. 

3. (Amended) [A] The luminescence device according to Claim 1, wherein 
the liquid crystal compound is a compound assuming a discotic phase. 

4. (Amended) [A] The luminescence device according to Claim 1, wherein 
the phosphorescent compound has a planar molecular skeleton. 



5. (Amended) [A] The luminescence device according to Claim 1, wherein 
the liquid crystal compound also has a phosphorescent function. 

NY_MAIN 292183 v 1 
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LUMINESCENCE DEVICE 




■p^sij)'^OF THE INVENTION jgarjDfcA q a g yJAJ ^ T^ ^ ^^^-a.AtlOf^ 

The present invention relates to a 

Ivuninescence device for use in»^display apparatus, ^ <p r> \\\ 
illximi nation apparatus, etc., and more particularly to 



a luminescence device utili a ing a high 



electroconductivity due to a self -alignment 
characteristic of a liquid crystal compound. 
10 An organic electroluminescence device 



) 



(hereinafter sometimes called an "organic EL device")^ 
as a type of luminescence device, has been an object 
of extensive research and development ae- a 
C^l^minescence device^ of- high-^^peed respons ^onocc and 

15 high efficienc^ 

Figures 1 and 2 are schematic sectional views 
each illustrating a basic structure of an example of 
organic EL device. Referring to Figures 1 and 2, such 
organic EL devices include: a transparent substrate 1, 

20 a transparent electrode 2, a metal electrode 3, 

organic layer(s) 4, a luminescence layer 5, a hole- 
transporting layer 6 and an electron-transporting 

layer 7. Such a basic structure of an organic EL 

\lo\ • 

device is disclosed in, e.g., Macromol . Sympy'^125, pp. 
25 1-48 (1977). 

As shown in Figures 1 and 2, an organic EL 
device generally has a structure including a laminate 



t 
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comprising a plurality of organic layers 4 sandwiched 
between a transparent electrode 2 ctnd a metal 
electrode 3 and disposed on a transparent substrate 1. 
In the structure of Figure 1, the organic 
5 layers 4 comprise a luminescence layer 5 and a hole- 
transporting layer 6. The transparent electrode 2 
comprises a material, such as ITO (inditim tin oxide) 
having a large work function, so as to ensure a good 
hole injection characteristic from the transparent 

10 electrode 2 to the hole-transporting layer 6. The 

metal electrode 3 comprises a metal material having a 
small work function, such as aluminum, magnesium or 
alloys of these, so as to ensure a good election 
injection characteristic to the organic layers 4. The 

15 electrodes 2 and 3 may be formed in a thickness of 50 
- 200 nm. 

The luminescence layer 5 may^ for example^ 
comprise an aluminum quinolynol complex (a 
representative example of which is "Alq" having a 

20 structure as shown below) showing an electron- 
transporting characteristic and a luminescence 
characteristic. The hole-transporting layer 6 may 
comprise a material showing an electron-donating 
characteristic, such as t ripheny Id i amine derivatives 

25 (a representative example of which is "a-NPD" having a 
structure as shown below): 
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5 



10 




The organic EL device of Figure 1 shows a 
15 rectifying characteristic, and when a voltage is 

applied between the metal electrode 3 as a cathode and 
the transparent electrode 2 as an anode, electrons are 
injected from the metal electrode 3 into the 
luminescence layer 5, and holes are injected from the 
20 transparent electrode 2. The holes and electrons 

injected to the luminescence layer 5 are recombined in 
the Iximinescence layer 5 to form excitons, which cause 
luminescence. In this instance, the hole-transporting 
layer 6 functions as a layer for blocking electrons to 
25 provide a higher recombination efficiency at the 

luminescence layer/hole-transporting layer boundary, 
thereby providing an enhanced luminescence efficiency. 



Further, in the structure of Figure 1, an 
electron-transporting layer 7 is disposed between the 
metal electrode 3 and the luminescence layer 5 in the 
structure of Figure 1. According to this structure, 
the luminescence function is separated from the 
functions of both electron transportation and hole 
transportation^to provide a structure exhibiting more 
effective carrier blocking, thus realizing more 
efficient luminescence • The electron-transporting 
layer 7 may comprise, e.g., an oxadiazole derivative. 

The organic layers 4 comprise two or three 
organic layers and may have a thickness of 50 - 500 nm 
in total of the two or three layers. 

In the above-mentioned organic EL devices, 
the luminescence performance is critically determined 
by performance of injection of electrons and/or holes 
from the electrodes. The above-mentioned amorphous 
materials, such as Alq and c^PD are not believed to 
provide sufficient carrier injection performances in 
view of the resultant electrode-organic layer 
boundaries. 

Further, in the course of ^recent development 
of organic EL devices, devices utilizing 
phosphorescence from a triplet exciton instead of 
fluorescence from a single exciton have been studied. 
This is discussed in, e.g., the following articles: 
(1) "Improved ^ergy "transfer in fe.ectro- 
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^hosphorescent: device" (D,F. O'Brien, et al^ Applirettp 
Physies-Lettj»s-^3/ol . 74, Kb. 3, p. 422 (1999)); and 
(2) "Very i^igh-^fic iency ^reen ^Srganic Light- 
l^itting jlevices ^ased on Electro-Phosphorescence" 



(M.A. Baldo, et al#, Appl^red Physires Letters .Vol . 75, 



1, p. 4 (1999)). 

In the above articles, a structure including 
organic layers 4 of four layers as shown in Figure 3 
is principally used. More specifically, the organic 
10 layers 4 sequentially include, from the anode side, a 



hole-transporting layer 6, a luminescence layer 5, an 
exciton diffusion prevention layer 9 and an electron- 
transporting layer. As materials constituting the 
organic layers 4, in addition to Alq and a-NPD 

15 mentioned above, there have been enumerated carrier- 
transporting materials, such as CBP (4,4'-N,N'- 
dicarbazole-biphenyl ) and BPC ( 2 , 9-dimethyl-4 , 7- 
diphenyl-1, 10-phenanthroline) , and phosphp^pscent 
compounds, such as PtOEP (platinvim-octaethylporphyrin 

20 complex) and Ir(ppy)3 { lyridium-phenylpyrimidine 

complex), respectively represented by the following 
structural formulae : 



25 



The above-mentioned articles have reported 
structuresj^s exhibiting a high efficiency, including 
a hole-treinsporting layer 6 comprising a-NPD, an 
electron-transporting layer 7 comprising AlA, an 
exciton diffusion-prevention layer 9 comprising BCP, 
and a luminescence layer 5 comprising CBP as a host 
and 6 mol . % of PtOEP or 6 wt. % of Ir(ppy)3 as a 
phosphorescent compound . 

A phosphorescent compound has been 
particularly noted because it is expected to exhibit a 
high luminescence efficiency in principle • More 
specifically, excitons formed by carrier recombination 
comprise singlet excitons and triplet excitons in a 
probability ratio of 1:3. Conventional organic EL 
devices have utilized fluorescence emitted by 
transition from a singlet exciton to the ground state 
as available luminescence, but the luminescence 
efficiency thereof is limited to at most ca. 25 % of 
generated excitons in principle. On the other hand, 
if phosphorescence of excitons generated from triplets 
is utilized, an efficiency of at least three times is 
expected, and even an efficiency of 100 %, i.e., four 
times, can be expected in principle, if a transition 
owing to intersystem crossing between singlet and 
triplet states is taken into account. 

Devices utilizing luminescence from triplet 
states are also proposed in JP-A 11-329739 (entitled 
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/rganic EL J^vice and process for production 
"hereof"), JP-A 11-256148 (entitled "Luminescence 
(Aiaterial and Organic EL device {^sing ^ame"), and JP-A 
8-319482 (entitled "Organic ^ectroluminescence 
5 flfevice", corr U.S. Patentsr Nos. 5,698,858 and 

5,756,224). 

In the case where the luminescence layer 
comprises a host material having a carrier- 
transporting function and a phosphorescent guest 
10 material, a process of phosphorescence attributable to 
triplet excitons may iriclude unit processes as 
follows : 

(1) transportation of electrons and holes within 
a luminescence layer, 
15 (2) formation of host excitons, 

(3) excitation energy transfer between host 
molecules, 

(4) excitation energy transfer between the host 
to the guest, 

20 (5) formation of guest triplet excitons, and 

( 5 ) phosphorescence . 

Energy transfer in each unit process is 
caused by competition between various energy transfer 
and deactivation processes. For example, a host 
25 exciton, even if formed, can lose its energy by 

nonradiative deactivation prior to energy transfer to 
another host. Also in the process of energy transfer 
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from the host to the guest, a host-guest exciplex, 
when formed, can provide a deactivation process, thus 
failing to cause luminescence in some cases. 
Accordingly, the selection of a host material 
5 determining an environmental condition surrounding a 
phosphorescent material is an important point for 
achieving an increased luminescence efficiency. 



SUMMARY OF THE INVENTION 



10 In view of the above-mentioned state of the 



prior art, a principal object of the present invention 
is to provide a luminescence device showing a higher 
luminescence efficiency . 

According to the present invention, there is 

15 provided a Iviminescence devicey^^omprising a pair of 
electrodes ,>^6ind at least one organic compound layer 
including an organic compound layer comprising a 
mixture of a liquid crystal compound and a 
phosphorescent compound . 

20 These and other objects, features and 

advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction with the 

25 accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figures 1 to 4 are schematic sectional views 
each showing a basic structure of an organic EL 
device. 



^ > DESCRIPTION OF THE PREFERRED EMBODIMENTS^ —^^ ^ _ 
The luminescence device of the present 
invention is especially characterized by a 
luminescence layer comprising a host material and a 
phosphorescent guest material, wherein the host 

10 material comprises ^ liquid crystal compound. The 

liquid crystal compound used in the present invention 
is a material having an electronic carrier- 
transporting function, which has been expected in 
recent years to provide an electron-transporting layer 

15 or a Iximinescence layer showing high carrier-injection 
ability and high carrier-transporting ability. 
Herein, the electronic carrier-transporting function 
means an ability of moving electronic carriers, such 
as holes and electrons. As such a liquid crystal 

20 compound having a high carrier-transporting function, 
it is possible to use a liquid crystal compound 
assuming a discotic phase or a smectic phase 
exhibiting a high degree of order. 

Examples of such a liquid crystal assuming a 

25 discotic liquid crystal, i.e., a discotic liquid 

crystal, may include triphenylene-type liquid crystal 
compounds having structures as shown below (e.g., as 
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disclosed in Advanced Materials, 1996.8, No. 10) 
LC Compovinds 1 to 5 




LC 


compound 


1 


R = 


-sceHia 


LC 


compound 


2 


R = 


-OC4Hg 


LC 


compound 


3 


R = 


-OC5H11 


LC 


compound 


4 


R = 


-OC6«13 


LC 


compound 


5 


R = 


~OC^HgC2F5 













LC Compound 6 



15 




L =-OC5H,i 
L' L' =—0, 



20 



LC Compound 7 
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The above- indicated LC Compounds 1-4 having 
side chains or siibstituents R of alkoxy groups -OC4Hg, 
-OCsHjLl -^^6^13 ^ thio-ether group -SC5H23 are 

known to exhibit a hole-transporting performance at a 
5 high carrier mobility (on the order of 10 - 10 ^ 

cm/Vs) . These compounds exhibit a discotic columnar 
phase wherein disk-shaped liquid crystal molecules are 
aligned to form a colximnar shape so that their 
triphenylene skeletons rich in it-electrons are 

1 0 m utu all y s uperposed, thus exhibiting a good hole- 
transporting characteristic via the triphenylene 
group. LC Compound 5 shown above was developed by our 
research group and, because of polyf luorinated side 
chains, exhibits a discotic liquid crystal phase range 

15 shifted to a lower temperature side and a lower 
ionization potential than the corresponding non- 
f luorinated compound. LC compound 7 has a 
dibenzopyrene skeleton and also exhibits a discotic 
columnar phase. 

20 Other discotic liquid crystals may include 

those having skeletons of phthalocyanine derivatives, 
naphthalocyanine derivatives, truxene derivatives, 
hexabenzocolonene derivatives and benzoquinone 
derivatives, 

25 Representative smectic liquid crystal 

materials may include those represented by the 
following structural formulae (as disclosed in Ap p lied 
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i'^'^ol. 68, KTb. 1, 



y nyosrG^ ^^ Ohy ou Butsuri , ^ATol . 68, KTb. 1, p. 26 yc/^ 
(1999)) . 
LC Compound 8 



SC12H25 






LC Compound 8 shown above^ classified as a 

phenyl benzot hi azole derivative and showing smectic A 

phase^has a hole-transporting characteristic. LC 

Compound 9 jclassif ied as a phenylnaphthalene 

derivative^ shows smectic A phase and smectic E phase 

and a higher mobility in the smectic E phase of a 

higher order than the smectic A phasef arni'^also 

exhibits bipolar carrier (i.e., hole and electron) - 

transporting charactsristic . All the liquid crystal 

— 3 

compounds shown, above^ exhibit a high mobi 1 ity of ^0 

cm/V.s or higher. 

Other liquid crystal compounds having a bar- 
shaped skeleton and showing a smectic liquid crystal 
phase may also be used. 

It is preferred that the luminescence device 
of the present invention is used in a temperature 
range where the luminescence layer comprising a liquid 
crystal compound and a phospphorescent compound 
assximes a liquid crystal phase. 

As specific examples of phosphorescent 
compounds used as a guest material for constituting 
the luminescence layer, it is possible to preferably 
use PtOEP or Ir(ppy)3 as described hereinbefore, and 
it is particularly preferred to use a compound having 
a planar molecular skeleton like PtOEP. Such a 
phosphorescent compound, when used in mixture with a 
liquid crystal compound to form a luminescence layer. 
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can provide a luminescence device having a high 
luminescence efficiency. The organic layer structure 
in the luminescence device can preferably assume any 
one of those shown in Figures 1 to 4. 
5 Now, the function of the liquid crystal 

compound used will be described in detail. 

An amorphous material generally used in an 
organic EL device passes a current with ^ carrier 
injection as a rate-controlling step. In contrast 

10 thereto, if a carrier injection layer comprising a 

liquid crystal compound is formed in contact with an 
electrode, the carrier injection-controlling state is 
alleviated, and a bulk-controlling current is flowed 
reflecting the bulk characteristic. This is 

15 presumably because a liquid crystal compound has a n- 
electron-conjugated plane close to a planar structure 
and the n-electron-conjugated plane is aligned 
parallel to the electrode surface to enhance the 
interaction with the electrode and promotes the 

20 carrier injection in contrast with an amorphous 

material which generally has a massive structure so 
that a n-electron-conjugated structure thereof in 
charge of carrier injection cannot be aligned parallel 
to the electrode surface. 

25 Accordingly, in the case where a liquid 

crystal compound is used in a carrier-transporting 
layer, it becomes possible to utilize the carrier 
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transporting performance reflecting directly the bulk 
performance thereof, thus exhibiting a carrier 
injection performance exceeding that of a known 
amorphous materi al . 
5 Figure 4, for example, shows an example of EL 

device organization utilizing a liquid crystal 
compound for. improved carrier injection performance 
proposed by our research group^ For example, if a 
liole-injection layer 8 coniprising a triphenylene-based 

10 liqui d cr ystal compound is^ inserted, the hole 

injection performance from a transparent electrode 2 
to an organic layer 4 is improved, thereby providing 
increased current density and luminescence at an 
identical applied voltage than in the absence of such 

15 a hole-injection layer 8. 

Thus, a liquid crystal compound having a 
carrier-transporting function exhibits, in summary: 
[1] a high carrier mobility due to bulk self- 
a 1 i gnmen t , and 

20 [2] a high carrier-injection characteristic due to ^V^^ 
alignment of the n-electron-conjugated plane parallel 
to the electron boundaries, which cannot be exhibited 
by conventional amorphous materials. 

The present invention is characterized by the 

25 use of such a liquid crystal compound as a host 

material of a luminescence layer. No study has been 
made regarding energy transfer in the above-mentioned 



unit processes (1) - (6) of the phosphorescence in the 
case where a liquid crystal compound is used as the 
host material. As a result of our study, it has been 
found possible to realize an enhanced luminescence 
efficiency if a material showing a liquid crystal 
alignment state is used instead of a material showing 
an cunorphous state, thus arriving at the present 
invention. The higher luminescence efficiency 
attained by using a liquid crystal compound in the 
present invention may be attributable to the following 
mechanism. 

The above-mentioned unit process of (3) 
excitation energy transfer between host molecules in 
the entire phosphorescence process is considered. It 
is important to note the intermolecular energy 
transfer of triplet excitons strongly contributing to 
phosphorescence. Compared with a singlet exciton, a 
triplet exciton has a very long life (of 1 iisec or 
longer), during which the energy is transferred by 
migration between molecules. It is concidorod that 
the energy transfer by migration is more effectively 
caused due to effective molecular interaction in a 
liquid crystal compound having n-electron-conjugated 
planes parallel to the electrode than in an amorphous 
material including completely random molecular 
alignment . 

On the other hand, in the case of excessively 
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strong inter-molecular interaction, an excited 
molecule and a ground-state molecule can form an 
associated molecule (excimer), through which 
deactivation is caused. A strong molecular 
^ interaction is present between planar molecules like 
skeletons (e.g», triphenylene skeletons) of a liquid 
crystal compound, so that the deactivation through 
excimer formation gave some concern but was not 
serious^ This is presum.ably partly because extensive 

10^ movement of lon g alkyl or al koxy si de chains providing 
a mesomorphism to the liquid crystal compound 
obstructs such excimer formation . 

As a result of our study, it has been also 
i7l iHH r b ed that ^ft^ energy transfer depends on 

^5 molecular interaction attributable to inter>^molecular 
overlap integral. This is because the mobility of a 
liquid crystal compound depends on an intermolecular 
overlap integral so that in the case of using liquid 
crystal compounds having an identical skeleton, the 

20 mobility is believed to reflect the magnitude of 
overlap integral. 

For example, the above-mentioned 
triphenylene- type liquid crystal compounds showed the 
following properties indicating that a closer plane 

25 distance and a smaller distribution thereof provided 
an increased n-electron overlap integral to result in 
a higher mobility. 
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*1: Dhc = discotic hexagonal disordered phase. 

Dhd = discotic hexagonal ordered phase. 
*2: Measured by the time-of -flight method at a 
liquid crystal layer thickness of 15 pm. 
5 *3: Measured by the ^ray diffraction method. 

*4: The luminescence yield ratio data are based 
on values of luminescence intensity (integrated over 
wavelengths) per unit current density measured based on 
the structure of Example 3 described hereinafter and 
10 using different liquid crystal compounds. The data in 
Table 1 shows that a higher mobility resulted in a 
higher luminescence yield. 

From the above data, it iis understood that a 
15 liquid crystal compound exhibits a better performance 
of energy transfer between host molecules. 

Also regarding the phosphorescence unit 
process of (4) excitation energy transfer between the 
host and guest, a liquid crystal compound is 
20 advantageously used as a host material. Excitation 

energy transfer between different molecules includes a 
singlet exciton transfer due to intermolecular bipolar 
dipole interaction known as Foerster transfer, which 
is a transfer process possibly occurring between 
25 relatively remote molecules. On the other hand, a 

triplet exciton energy transfer is caused by a Dexter 
processjas the Foerster transfer is based on spin- 
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forbidden transition. The Dexter process is caused by- 
electron exchange between adjacent molecules and 
strongly depends on overlapping of molecules. With 
respect to any guest molecule, a compound having a 
5 skeleton of a n-electron planar structure, like a 
liquid crystal compound, provides a preferred 
molecular overlap compared with an amorphous molecule, 
as a host molecule. Further, in the case where a 
guest luminescence center material has a planar 

10 molecular skeleton like PtOEP mentioned above, the 

guest molecule causes a larger n-electron overlap with 
such a host molecule like a liquid crystal compound, 
thus causing effective energy transfer. 

Also in this case, the formation of an 

15 associated molecule (exciplex) of exciton and a 

ground-state molecule is concGrncd, but the formation 
of such a two-molecule associate is suppressed due to -pU-^ 
influence of side chains and fluidity of a liquid 
crystal compound. This has been confirmed by 

20 effective energy transfer. 

Also, the effect of energy level change of 
the guest luminescence center under the influence of 
the host>^^s not negligible. For example, in the case 
of using Ir{ppy)3 as a guest Iximinescence center 

25 molecule, ^MLCT* (triplet metal to ligand charge 
transfer excited state) is desired as the lowest 
triplet excitation state for high-sufficiency 
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luminescence, but -^n-n* can occur in some cases. The 
energy level of ^MLCT* varies depending on the 
viscosity of the host and becomes lower at a lower 
host viscosity. Accordingly, in order to stabilize 
the ^MLCT* as the lowest excitation state, it is 
preferred to use a liquid crystal compound showing a 
fluidity and a lower viscosity than an amorphous 
material . 

Further, the exciton of a host molecule is 
required to have a longer exciton life than the guest 
and is desired to have a stable triplet state. For 
example, triphenylene forming the skeleton of the 
above-mentioned triphenylene- type liquid crystal 
compound is a representative compound exhibiting 
phosphorescence and has a relatively long triplet 
life. In this way, it is preferred to use a liquid 
crystal compound exhibiting phosphorescence. 

As described above, a liquid crystal compound 
is a material which provides an inter-molecular 
interaction for energy transfer and movement, is less 
liable to form afj excited dimer associate adversely 
affecting the energy transfer and is suitable for 
effective triplet energy transfer and movement 
promoting phosphorescence. 

Because of a high luminescence efficiency, 
the liiminescence device of the present invention 
realizes a higher luminance luminescence or provides 
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an identical luminance at a lower voltage. 




Example ^^^ ^^^^'^'^''^^ 



A 70 nm-thick ITO film was formed by 
sputtering on a glass substrate to provide a 
transparent electrode. On the other hand, a 100 nm- 
thick aliiminum (Al) film was formed on another glass 
substrate and patterned to provide metal electrodes. 
These glass substrates were disposed with their 
elect rodes fa c ing eac h ot her and applied to each ot her 



with 1 pm-diaW^ilica beads dispersed therebetween to 
form a blank cell. 



triphenyl-type liquid crystal compound was mixed with 
5 mol. % of PtOEP (also listed above) as a 
phosphorescent compound in chloroform, followed by 
removal by evaporation of the chloroform, to prepare a 
liquid crystal composition. The liquid crystal 
composition was injected into the above-prepared cell 
at its isotropic temperature of 110 under a vacuum 



of 1.3x10"^ Pa/ to prepare a luminescence device . 

As a result of a microscopic observation, the 
liquid crystal composition exhibited Dhd phase 
(discotic hexagonal ordered phase) in a temperature 
range of ca. 70 °C to ca. 98 on temperature 
increase. The luminescence device was subjected to £\ 
voltage application of 120 volts between the 




Separately, LC Compound 4 listed above as a 
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transparent electrode (anode) and the metal electrodes 
(cathode) at 30 °C (below liquid crystal phase 
temperature) and 70 (liquid crystal phase 
temperature), respectively, whereby red Ivuninescence 
5 attributable to PtOEP was confirmed at the respective 
temperatures. In response to a temperature cheinge 
from 30 to 70 ^C, the current was increased -bo- 5 
times • A luminescence yield ratio (at 30 ^C/70 ^C) of 
1:4 was attained based on a definition of luminescence 

10 yield = luminance/passed current value, thus 

exhibiting effective energy transfer by the use of a 
liquid crystal compound. 

Exampl e ^^^^ ^^9 

A luminescence device was prepared in the 

15 same manner as in Example 1 except #or nsing LC 

Compound 9 (also listed above) "^instead of LC Compound 
4 and usllicj Ir(ppy)3 (also listed above )»^ instead of 
PtOEP to prepare a liquid crystal composition. The 
liquid crystal composition assumed SmE phase at 66 ^C, 

20 SmA phase at 122 ^C and isotropic (I so) phase at 132 
^C, respectively, on temperature increase. 

The luminescence device was subjected to c{ 
voltage application of 100 volts or higher at 30 °C 
and 70 ^C (SmE phase), respectively, whereby green 

25 luminescence attributable to Ir(ppy)3 was confirmed at 
the respective temperatures. The luminescence yield 
ratio was 1:2.6 (at 30 ^C/70 ^C), thus exhibiting 



effective energy transfer by the use of a liquid 
crystal compound. 
Example 3 



More specifically, a 70 nm-thick ITO film was 
formed by sputtering on a glass substrate 1 to provide 
a transparent electrode 2 and, at a vacuum of 1.3x10"^ 
Pa on an average,- was further subjected to successive 
vacuum depositi on of four orga nic layers, i,e., a 30 
nm-thick hole-transporting layer 6 of a-NPD, a 30 nm- 
thick luminescence layer 5 of a liquid crystal 
composition comprising a 95:5 (by volume) mixture of 
LC Compound 4 and Ir(ppy)3, a 30 nm-thick exciton 
diffusion-preventing layer 9 of BPC ( 2 , 9-dimethyl- 
4, 7 ' -diphenyl-1 , 10-phenanthroline) and a 30 nm-thick 
electron-transporting layer 7 of Alq. The vapor 
deposition of the organic layers 6, 5, 9 and 7 was 
performed by placing each organic in an amount of ca. 
100 mg on a molybdenum-made boat and by resistance 
heating to provide a desired vapor deposition rate. 
For the formation of the luminescence layer 5, LC 
Compound 4 and Ir(ppy)3 vms" co- vaporized at film 
growth rates of 0.15 nm/sec and 0.075 nm/sec, 
respectively, based on the results of preliminary film 
growth speed measurements by means of a film thickness 
meter using a quartz vibrator element. 




A luminescence device having a laminate 



structure as shown in Figure 3 was prepared. 
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Above the organic layers, an Al alloy 
containing 1.8 mol . % of Li was vapor-deposited in a 
thickness of 10 nm^and then Al metal was vapor- 
deposited in 150 nm to provide a cathode 3. The 
5 inclusion of the Li metal at the cathode boundary 
promotes^^pi^^electron injection because of a small 
work function thereof. 

The thus-prepared luminescence device was 
heated to 70 (liquid crystal phase temperature of 
10 the above-liquid crystal composition) and subjected to €\ 



voltage application between the electrodes. As a 
result, when voltages were applied between the 
electrodes with the ITO electrode 2 as the anode, a 
good rectifying characteristic showing a good 

15 conductivity was confirmed, and green Itiminescence 

attributable to Ir{ppy)3 was confirmed at a voltage of 
5 volts or larger. 
Comparative Exampl el 

A luminescence device was prepared in the 

20 same manner as in Example 3 except 'frrr — usrrng a 

composition including hexamethoxytriphenylene having 
no liquid crystal phase^instead of LC Compound 4 used 
in the liquid crystal composition of Example 3. As a 
result of^voltage application, the resultant device of 

25 Comparative Example 1 exhibited a luminescence yield 
ratio of 1/3 with respect to that of Example 3, thus 
e x hibiting an improved luminescence efficiency 
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Q btainod by using LC Compound 4 as a host compound in 

Example 3^ i nst e ad of hexamethoxytriphenylene ueed. in 

Comparative Example 1. 

Example ^4^ ^^ ^p 

5 A luminescence device was prepared in the 

same manner as in Example 1 except f o r ucing Ir(ppy)3 o^^^^^ 

instead of PtOEP. The resultant luminescence device 

exhibited a luminescence yield (luminance/current) 
OA 

ratio af^identical temperature (70 *-^C) and voltage 

10 (120 volts) of 1/0.8 with respect to the device of 

Example 1, thus showing a higher luminescence yield in 
this Example 4. However, with respect to a total 
luminescence intensity (integral of luminescence 
intensity over spectral wavelengths), the device of 

15 Example 1 exhibited 4 times as large as that of the 
device of Example 4. The difference is because the 
above-mentioned Iximinescence yield value is based on 
"luminance" depending on human visual sensitivity 
which is 5 times as large at 510 nm (luminescence 

20 wavelength of Ir(ppy)3) as at 650 nm (luminescence 

wavelength of PtOEP), so that the above result rather 
means that the device of Example 1 showed a higher 
efficiency of conversion to photo-energy, thus showing 
a better energy transfer caused by PtOEP having a 

25 planar molecular skeleton as a host compound. 

As described above, the present invention 
provides a luminescence device showing a higher 
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luminescence efficiency, which is applicable to a 
product requiring energy economization or higher 
luminance. More specifically, the luminescence device 
is Applicable to a display apparatus, an illumination 
5 apparatus, a printer light source or a backlight for a 
liquid crystal display apparatus. As for a display 
apparatus, it allows a flat panel display which is 
light in weight and provides a highly recognizable 
display at a low energy consumption. As a printer 

10 light source, the luminescence device of the present 
invention can be used instead of a laser light source 
of a laser beam printer and may be disposed in an 
independently addressable matrix arrangement to effect 
desired exposure on a photosensitive drvim for image 

15 formation. The use of the luminescence device of the 
present invention is effective for providing such an 
illumination device or a backlight at a remarkably 
reduced apparatus volume and a minimal energy 
consvimpt i on . 



25 
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- J>> ABSTRACT OF THE DISCLOSURE 

A luminescence device exhibiting a better 
luminescence efficiency is provided by disposing 
between a pair of electrodes a luminescence layer 
5 comprising a mixture of a liquid crystal compound 
assuming discotic phase or smectic phase with a 
phosphorescent compound preferably having a planar 
molecular skeleton. 
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